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<ABSTRACT> 

This invention comprises below steps: preparing a substrate that IC chips 
which a plurality of gold or copper stud bump, or a non-solder bump such as 
non-electrolytic Ni/Cu/Au bump and so on are formed on a I/O unit, and metal 
electrodes are formed on its surface; adhesiving a non-conductive adhesive 
having a film type, and formed to comprise a solid state Bisphenol A-type epoxy 
resin, a liquid state Bisphenol F-type epoxy resin, a solid state phenoxy resin, a 
solvent mixed metyletylketon with toluene, a liquid state hardener, and a non- 
conductive particle on the chips or the substrate; thermocompression bonding 
the IC chips on the substrate so as the non-solder bump and the metal 
electrodes to be connected mechanically and electrically each other. NCA used 
in this invention is lower the coefficient of thermal expansion, lower dielectric 
constant, and better mechanical and electrical properties than the prior NCA, 
thereby provides high reliability Moreover, because the non-conductive 
adhesive can be formed to paste type as well as film type, various processes 
can accomplish by properly choosing as occasion demands. This invention has 
an environmental affinity because of using not a prior solder bump including Pb 
as main constituent, but non-solder bump. 
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ACA, BT*iH 9 Bl^E^ 

£ la vfl^l E lcfe £ nj^-.sapl^ *W ° ^ = (140)* ^*Hr "fr^-fr -a^^M 3tr 

5. ldfe ao|^ *^ofl £1*1] 3gjgs>7fl € ^.itlH « = (140a)* ^*Rr ^^*>7l 

5. le-b S. IcS] 3.°}^ # -g- iEj£ ^=(140)1- iL<^i=- 
5. lf& £ ld^l so]^^ ^ = (140a)«- -SL^^rfe A>^1; 

£ 2a vfl^l £ 2d^ -g- ^-^<H1 4# ^Sfl ^IWt 1 ^/^ ^H* <^8*rfc ^"fr ^* r 7l 

£ 2efe £ 2d£] -^Sfl Ji^fe A>^1; 

£ 3£r «S « ^ U-H* fl« 7fl^£; 

£4a?j£ 4b^r -g- itlH $ = 5 -^sfl ^ W^/^ »SH7r 3-§-€ ^ ^ ^4t-§- ZfZ* M-ErVa # 

igSl-olcK * ^ ^<>fl tim ^ *110 : IC ^120 : ^nlfc- SE^r H:-?-^ ^^125 : °r<3 

^130 : a.J:^140 : ^ iEi= >3 = 140a : ^SMI SoWfl -g- ^H142 : ^#144 : ^-^sfl ^el 

^146 : ^-#145 : ^-^Sfl HI/t 1 ^/? ^ = 147 : ^=210 : 71^220 : ^#31^-230 : NCA Sflol^E 

■g- wl^lS.^ ^2,M](Non conductive adhesive, °l* r 'NCA') ^ °1* °l-§-tr ^HJ-^H US 

XJ, NCA^ «S^%^1^7> ^Jl, -fr^-frS. *f°.^, 71 7)1 ^ $ ^71^ 3*MI « 

7l#0lcf. ^*1 «3*rfc *£Sfl 7l#£- Olnl ^n>7ll °1^1 ^(cell)ol ^al^ElJI 5a O.^, BH£2l ^^2) 

^-ffe VO^ 711^. e c|-oi( d ie) 371, g£ 1 w 0 i-#, ji^7l^ ^-sl «^«1-ui Slcl-. aE^, ^-tfl 

^ O.S 01 51^1- ±7.}% *>7l ^7.> B)l?l^ 71 #^8: ^>£^1 ^ «* S2t * S^Si'S S °1 

ifl^^ 7l#^- 3*} *flf"3 3.71, 7}2\, *\3\$ ^ l^*>fe cfl^- ^1L$ 7l#S.Al, S.^1 J7^7l^ ^ 

^oi cj^^^ xiji sa^. 



-?-S-*H, ^(Chip)* 7l^o)l ^H^S. <3lA] 7]fe 71* ^21 SJ-i+ol S.^ ^ (f Hp chip ) ^ 7 ]^o) 
*|e ^°1 ^* ^ Sl^. ^eW, ^lBl* «^ ^ 7l#^r 71^31 (solder)* ol-g-^- ^-tb ^ 
7l^roDsl #cl l-ej^(flux) Si. *c-l ^ = (solder bump)7> a^^i^ol fl>8€ 7l^sl #cl ig = 

si El#s.-f(reflow), ;£H ^^^^ ^ ?j c -l ^ ( under fill) ^ %-?\ ^ 7l^7l nfl^-ofl ^^o] 
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♦ 7>^*Hr $IMs) *>^SJ 7l#oH tfltb #<g°] cfl^-SlJl xicf. olsqofl^ -aav^o] #^ a] 

«B ^7Hjl, 3^ n)^7> 7}%-*H. #3^4 y-(lead) ^8** *1"§-*I-*1 «:3*m-aW.3l. x^o^ 



^^Nte 3.7fl °l a o v ^ ^^(anisotropic conductive adhesive, 0 1«V 'ACA') 4 -f-« 0 M3 34*ll(is 
otropic conductive adhesive)^. t^sH. 7]^o_S. Ni. Au/jI**>. SE^r Ag ^ £^ 0 J*H-4, t^s}-^. <t 
7>^, SEfe «1 *S1 (blend type insulating resin)S. ^^tf. J^M^ s>^o> # 

7§*±$m°l ACA* ^#^5.5. A>-g-S>^ 7]#°fl cflt.V 0^7} J}tf| o] j=lo^ °1» ACA 7fl 

£-3 7flt ^ ACA 7l#Sl -§-•§- ^7} **«| ^l^j£l<H £4. 



ojE^V 351^ ^^M* «»l-g-«- £fi ^ -g-^ 71^4 C^lrcH #51^ °J7V7> NCA« ^ ^ 

7]<#ol £<aslJl ^34, 71^31 NCA ^S-S= I^Ml^ S -B-€* 0 1 3^. 7W ^ #71^ ^o] -f^^l 
**H 3*fc=H=- S*I3M Si 4. 



44 ^-ol, a,Hfls) ^ sfl7l^ 7l#^r #c) ^=E(solder bump)* >M"8-«r7] nfi-g-ofl ^ 

n> oMif c^Aja-E] ^o] Helal, ACA# °l-g-tt ^-f "fl^ ACA 7flS.7>^ °l«fl ^71^1 Wl-g-°l go] S. 

4. NCA* NCA7> 1*8^1^ % -fr^-irol 3^, ^1 Til ^ 53 #713 s^o] -f^sH $§>7l nflg-ofl 

^ii-si ai^^o] 34 sh?ri°ii 7i*oi ^i^-si ^-71-7)- *i ^.a.* *°>s. tfl^sin safe 

^ 71 7im*Kr cfl^r*! ^Jltb 



■& °1^7> 7l#^ 4^1^-, 71^ NCAJ14 <g^^-^)4 1 7> ^JL, 71^1^ «3 ^ 

7H s.^o) Jf^^ji AlSl^o] ^-g- i£°J o>q^ ACAiL^ ^^tb #^ ^ -g-^-S- NCA1- ^I^*>fe 5U4. 

a. o|^ji^ s]-^ c|# 7l#3j fe, ^71 7l#^ 4^)1 s) ^ofl sisfl NCA* °l-8-Sr3. ^H. 



<y Ofl^-Al ^14, ti?^ Hl^ifll^- F B}-«a ^14. Jl-*S1 341 ^1 ^14, "fl!Hli?il§4 # 

?ll 10-50^m°J ^o) nft 2 !^, ^s-o] o^dfl^. 2-5^31 ^# ?>fe °fl^l ^l^S ^ ^ 



SE^ F E}oj ofla-Al ^14, ^4^14, «34# i^-^H o] Sflol^e ^Efl# ^ ^1- 
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#7l 7]<£^ mm ^*>7l 21* * 1^21 <a ofl % tf* °1H #3 3 -8- «l^£^ S*Mlfe Ml^E 
^ ^^71- 0.1 ~ l/an .4j 3.71 # 7l7H, SiO 2 ^fe SiCS °l^^lfe a^»S. **. rtslJl, #7} 3SW|7> °l a l 
nf^Tj) 3*Mltl **. H*. #7] 3 **lHr »fl-=-Al ^ofl tfl*f|Al 15-3021 wt%* #7l «1 

^ <37Rr -#7} 3*Mfl ifl*M 10-3021 wt%* 3l-§- ^ SLS. *c}-. 

#71 7l#2j ^11- ^Sl-71 3* * <^ o^l 4€- 1^ 3 "Z^, ^71)31 «l#Dl <3 = 7> I/O * 

ofl *§^* IC I-4, S^fi.^] £*°fl *S A <3* 71** *S*Rr *7fl^; #71 71* #°fl #71 7]^ 4*W Sl*fl ^ 

3^ * 1-^sl °1H i4# bi^ie^ 3*MI« 3*M?1^ *« #71 $ = #7i ^#^-oi| 
4; 

#71 ^H7> rt^*^^ #71 U=^#7l ^r*l^°l 717IH « ?l7l^l A^ *^£15L^- #7l IC 3*#7l 7] 
*°ti l^^l^lfe *7fl* 3L*«Vte 3* O-S **. 



#7l *# 7l#*j t^*>7l 21* * U-^Sl *€• °1H 4€- «fl 3 -g-^ #^*. ^7flSl <3JE7> I/O 

*°1| *§^€ IC ^4. ^r#^-°l 3£^<H] *8^* 7l*-gr «>3sRr *7fl2l.; #7l 7l* #<H1 # 7 J 7l#3 «B « 

£ f^Sl <4# Bl^£^ £5LAl7lfe *7flfil-; #71 U=* #71 ^^ofl «8 3**1*1 *lfe 

*7llfil-; #7l ^S7>^^^S|<H #71 ^=4^71 ^^o] 717)13 ^ ^7l^O.S. AjS. Sl^S|H^-#7l IC ^ * 
#71 7]*ofl «^Al7lfe *7ll* itSfe 5!-!- ^23. *!}. 



#71 7l#3 ^e>7l *1* -g- ^"^21 <g <fl Sfe t& ^ #Bjo|| flo^, #71 Bl* 

C-l ^AJ*>^ *7Hfe, #71 IC I/O 3flS» *§^*Rr ^TflSf. #71 ^ #oil = ^fe ^3} 3. 

ol nfl, #71 ^E^ ^Aj*> fe ^-Tfl o]^, #71 iE^H ^=21 *^-7> ^ 3§ SJ| £S # 7 ) ^Bl= ^=SJ 

"3-3* 7l-*Kr Sol^ ^* Cl *8*Hr ^}ol B>^«l-cl-. 3°1^ ^^^r ^H2l 7.flS 7^<4 ^Aj^^^ofl 

^ ZL ^^ 7 } ^^51^, f-# = ^H21 Jg^fe S°l^ ^T^«T «^7> ^ —El — ^H2l 



#71 tj-g- 71 #^ ^#«l-7l 21* €■ ^^21 <a ofl ^ °iHl 4^ ^ -S-^ #^011 Si^Ai, #71 Ul# 

Cl ^^*>fe *7fl^, #71 IC ^21 VO *°fl ^A|^ ^74121-; #71 ^ 3)] 5L #ofl -?-*«fl 

^21^,^^- $^£.5 ^aj#o.s.^ ^^s^/^. ^Aje>^ *^)1- i#*l^ 53* -1^.2.3. 

*cl-. ^elfe M«ofl «l«fl 1£?1 ^-^> ^Tfl ^^^°l "aolM-S-S mU=?-*HWE.7} #7l 7l*sl ^-^^-21- 
Tfl ^7H O.S. ^^-HlTfl *ci-. i4eH ( #714 ^"Sr ^21** ^l 0 !^. 



^-f°fl #71 -g-# sflHf ^^*>fe *^1 °1^°H #71 ^ #011 ^?flom *iel» c-l ^£ si 

^. 

ol*H^. ^- ^21 «>#3l* «a]AH» h^** #>(«1 ^^*4. 

IC ^21 S^l 

£ la ifl*l S. lcfe 2°1^ ^21 = iElH. ^ = (140)* ^*Hr 'S"^* ^*^*>7l 21* £^1-c>1ji, £ ld^r *-?-7> 
3g3g^7fl sol^^ = ^Ei^ «g=(l40a)* #^*>7l 21* H*ol4. 
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2. la tfl^l £ Id* 3*1. IC =U(110H °i^*]T? JflH(120)» Ifm ^MS #^>4- ^#°fl, SiN^M # 

e|oln} = (Polyimide)S. ^l-?-^ ^.J:5}-(130)* >fl<a(120) ^ «f 0.5 ~ ljan^ * °fl 

2SJL«Kl30)-fr £* D 1%- «fl-a(120)* 5-1^ 33 lOO^anSl =|^(pitch)* *§-S*M I/O ^Hf 

VO 2)1= *H°1 £.3* o].g.*H = ^H(140)» 4^4^. °1 ^ ^ = (140)^ 

am-ay** ^efl* 7>47) ^— ( 14 °)^ "9 3$ 7>*>fe aoi^( C0 i n i n g) ^. 

^-1- ^*8*H ^3g^ # «a = (140a)« ^€-4. 

i2°lHj IC 3(110)4 71^-4^ 31 ^ 3^r°l -8-ol*>2.s. g}^ -§-aH 34= ot^-g- 3**l3h& Q±.*\?) 

71 ^§11 ?H4. Sol^ ^*8*Rr £ t}€- ^1-H-fe, ^SS] ^o] 7 > *^<a^ 7}&^2\ S.^ j 

/0 Sfli^l ^tr 3# tt«H 7>gflXl7fl SM IC ^o] -f 3}7> 5Z71 nfl^-ofl ol* #*|^7l fl« 

^ iEl£ «§H tfl^Hl ^P-e) 4-8-^^ ^-foflS 34 4t7H£l *r*8$-4. 5. lefe 5E lc^ a 

°W 3 ^ ^Ei^ «aH.(140)» Ji^fe *>*1°1.21, £ lffe £. ld^ S°l^€ 9" ^-E. $ = (l40a)» iL^fe 4 
*H4. 



£. 2a ^fl*l 5. 2dfe # ^E-l= Cfl^l<^ Jf^Sfl M^/^el/^- *83«Hr U'S* -S^SM 3tr TehSE*^. 

5. 2a tfl^l £ 2d« £ la4 «}#7H I/O JflE.* *83*rSl ^-f-^w Hfl-5d(120)* 

tt^-nlfr* E^7H ^MEf 3f3$s.]?]7] %n $ft]o]E. $\2l3.*( <>V«3i*(125)* ^, 

^■•f-nl^ ufl^^- iifjEi?y ^ AS 2jumS] -f-afls. <g (thermal evaporation) fJ^O-S. SiN Jii D -l- 

* 0.5/fln^ *f-^3, ^z]-€r>>m- ^ 3% (spin coating) U"^ 1-^o1d1= °-7l a. JL^-§- l^mS] ^^^JI, 
el iaelJfl (lithography) ^-§-^ I/O sflH* 



^■frofl. ^71 ^ 90r^ 5>fe ^^Sfl qsS -g-^Bofl 20~30#-?i 10-15^ ^-wfl* 

^€#(142)^- °H-*1. H 1«I1 A 1 ^-rflal 3g£7> -?-^*ll ^e]#(144)^- 10/an^ ^-^1^ 

^tr ^ 60°C2l i?.^ ^- £^ -g-^^r »l-g-*H 30-g-?i ^ H^-i- ^S.^ ^ O.l/m^ ^^1» ^ ^*(1 

46)* ^^trcf. nl-eV^, ^-^sfl ^=(145)^ £313 «f 25/an^ ?>7llS4. 

^•#(146)^- M€#(142) ^ ^el^(U4)Sl « ^7l^££^ ^^.^014. q^#(l42)4 

#*(146) ^>»H 711 7(€ "S^ol #^-^^#(144)^:103(110)* 71 ^ ^U-^-Al^ nflofl ^^^0] -g-o]5>7fl <S 
<H4£.^- ^71 ^^0} y<H^7fl *>7l ^"14. £ 2e^ 5L2dS} ^-^Sfl q^/^-e]/^- ^ = (145)* 

S-^^fe AV^olth 

[Efl^S-g- 7]^°1 ^1S] 

Efl^H-§- 71^-o.S. -^^1 ImmSl FR-4 *7l 7l#* ^l2^>^4. 7l^ a^^l fe- Ni/Cu/AuSl ^o.S ol^-^^l ^ 
^^s)^ 01 o.^ ^3. o)2ls| t.}^^ solder mask)S. iLSSVSc}-. 

tNCASl 7fl2:] 

ofla-Al ^1, ^^1, ^ Hl?l5£^ <ax># ^Efl S 3)loliS(paste) ^^3] NCA# ^ 



NCA ^-O] 7flit_V4. j7#3 HliBfl^- A Bl-«a ofl^-Al 10g4, tl]^^^ F Ef^ ^) 

25g2r, Jl^j" ^ Jfl^A] ^1 20g4. #-¥-<?3M lcfl 321 vol% wl-i-S. 46.6g(^l^<Hll?ll 

€• 10.8g4 35.8g°ll «fl^)4, °-^^-2l oln]t^7l| ^Sj-afl I5g4, 0.1 ~ 1/an ^ 37l# 7>^H ^^^^fi}- 

-8-^^7> ^ Si02 SE^ SiCS ol^^ HIDE'S °J7>1- Ais. ^^4. -5^-*^ 7l7H^<a q/i* ol^-*> 



- 5 - 



•f-"^ 10-0315158 



3, 80'C3 £r£°fl3 j7#3 al^sll^- A 3<3 ofl-3-Al ^3<4, 3^ji|]i§- F 3^ ofliA] <^33, saJ-o] 

2fli-Al ^l<4, t^^ofl^^^^ l-^-^al £^-§-* 33?> *^33 -5^$- £^-§-3 31 t>3. 33 
3°1 tqxi-g. o]^.*].^ ^oi|A-1 til^H^ ^71-3 3 SMI* ^^Wl £^-3. 333, 33 l-33^(doctor blade) 
^°-5L 3^3 ?g-§- 3^ 10 - 50/an <33 3°fl3 113Sr ^MS. ^*-§- 3^3. 



3 "fl, #S£S# 3333 333 80C°1]3 l-g-3 «o v ^l*11 S3. #3 ^SMl^b °fl-^-3 ^r3°fl 3*113 15-3021 wt%* 
£3L, 3"3 33^ #7] NCA ^= ^jofl tfl*H 10-30^ wt%» ££-§r £^3. 333^ 3*}* ^7> 

3tt °1-B-^ NCA ^-§-3 <i^^-7il^# 3^3 3^33. 



NCA €*3 ^Mlfe IC ^3 *j^3 3=3 ^33 33 3°133 ^0^3713 3=7> ^-g-^ ^ 5^3 10 

~50wn7> 3£-§r 35S3. €#3 ^33* *3-333 33°1 NCA ^1-3 o^ofl 2-5^3 ^3* £fe °f|^-3 <=M 
33-3 ^Tj-^-g- c-1 3^*Hf. 3^333. 3*r» 3^3 3*1) NCA ^-§-°l ^ ^c-Kinorg 

anic powder)* *J-R-« 3-f , NCA ^*3 3333 ^ 33^-fr 7V33 3tt ^3(resin)3 33 3333 sH a> 
s.*fl 33 3* a>o]oiia-i ^ 32^0} 3^>g- ^*833 ^ $U3. ^.^s-s., °13 7fl3* 3*R3 ^ <g ^Ml^i- 

7>3fe NCA ^*3 3=33 333 ^3#* 333°13(lamination) « 0 V^ 0.3. ^^-t}. o] 3*1-3 ^7j-^ ^3 NC 
A3 133 ^ a] <gofl 337} 3*833 3^3 33, -B-71 333 3333 ^±3^ 33^* #711 33. 
^•#^2:3 335.^ 3*}* 33-3 NCA 3«-J£3 ^3 333"§- 31 ^33^ ^ flo.^, 33 333 3^- 

A>oloflA^ ^^Ajofl^ <g*J=£ #fet|.. o] nfl, ^*v^ f^j-^o. ^7l^ NCA €*^^1 °J7>» filth 

^1 ^^-ilS. ^^ol, r}^l ^^nv 2 - 5jzm3. 



NCA 2i)ol^E^ aj-71 NCA ^^-S. sl°l $X^. ^, °-^^3 al^^ll^ A F El-<g ofls. 

^1 =^^1 lOOg "3" ^?^3 ol D 1^7ll 3SM1 30 - 50g3 ^^-wl-irS. ^^cl, ol^Tfl N CA 3e|1o1^e ^ ^ 

0.1 - ljumSl 37l# 7Mfe Si02 £fe SiC «l^i^ oj^j. 10 _ 30w t% ^^4. ^^S: ^-€r^l 7l7fl3 
3^15. 5<at!- € °fl7r*l ^^4. 

^ ^-^ *«] 

£ 3* ^-SSH ^ ^^-1: ^^§>^ ^71, NCA 'fflloliHSl tJ^, -g-A>;3-Hlu|. 

(screen printer) #«1* a>^-*><^ NCA afl o]iE (230)* 7l«-(210)°fl <&^^r SJLtr ^H(147)7> ^^s] 
<H Slfe IC ^(110)* ^^^-(220)^1 ^lAl^cf. ol7lAi, i§H(147)fe ^-?-7> ffi^tb ^ ^S. lc3 1 

40) £fe ^-¥-7} 3g3gt!- ^ ^El^ ld3 140a)i4, MW^el/^ 2d3 145)7} * ^ 

NCA 3M^S.(230)fe 5§- oHoil 7j^-sl7l ^-g-ofl, 10^(110)3" 71^(210)^- 150^3 -&£2f 3-5 kgf/cm 2 3 <3- 
^oflAi ^<a-2fAl7l^, <§ = (147)7> i^^^£l^ A 1 ^H(147)2r ^ ^^(220) Tj-ofl ^j^o) <a<HM-^i ^5-(147)2r 
^■#^^■(220)01 71313 « ^713 A-1S. ^^SlTll 

NCA °l-8-« ^-f^lfe, ^71 NCA €*°1 Sife ^* 7l^-(210)<Hl 80"C3 -S-£.i4 1-2 kgf/cm 2 3 ^^H^ ^ 

°1^7l ^#1- ^Tl^V -^713 ^ ^3-^1 ^r^*H 71^(210)3 ^(220)4" ^(11 

0)3 al#3 »J = (147)* NCA ^*^- »1**H ^^1^13". 

S. 4a ^ £ 4bfe ^- ^ = (1403) ^ 3«/^el/^ ^H(145)°11 3*11 ^« ^ 3 ^£* 

44 3-3^3 3°13. 

^3 S3 

33 ^-^^1 3# NCA^ 7] #3 NCA^.3 ^^]^} -B-^^rS. 3^-3, 717113 ^ ^33 ^■ 

ajoi -f^vja Ais|Ajoi ^.4. 333, ACA3 ^3 ^7>3 <Qx}i i#33 S^h^ ACA^.3 7^33. 

atl. €1-^3 ^ 3°1^S lEfls 3* *r 9X7] nfl^-ofl ^^.ofl niei-A-i 3^37fl &s\z}<^ a>-§-^ ^ siti-. 



- 6 - 



f-s-s-^ 10-0315158 



nfl-S-ofl *3*JM°1.3l. 71^21 #B]o] «*M|« °l-§-H> ^3 ^ *3 S arflS. A}-g-^ ^ Si^l nflS-ofl 

7>3 58 ^J^ ^ 'fl'tHd* Jflth «§a^ ^ofl tfl« ±q >£*go| 7 }^sm 

9in «l 71 nfl^ofl IC^4 7l^A>0]Sl 34**)tg-ol ^.SEtf, -g- € 3 13 3 7> -g: Itl 3 7} 

*m mttbX) #3. =L 2t^2) 2:^-g- SWfr T^SHl. 

^°1 
(57) ^-7^1 
^T 1 * 1. 

Hl^l* A Ej-<g ofl^-Al ^XPV 6 ~ 10wt%, 

ew^al ul^tfD* F Hf«y ofls.Al ^^7> 15 ~ 25wt%, 

51<$2] 3))^- A] ^ 7)- 12 ~ 18wt%, 

t^ltHl?)]^ l-^-^Ool vol%S l-3°-3. #^!H7> 32 - 40wt%, 

q#Si\ o^tf* ^^17> 8 ~ 14wt%, 

H1^£AJ <Qt}°\ Si02 SE^r SiC °J *}7> 6 - 20wt% ^ ^S^H 3 31* 5J"tt 3J£ #3 ±3- ^= #^ 

*U ^-ofl 5il°H. #7] ^gl-fil ^17> 10~50/an<?l ?J-§: *3 £.3. ^ «^ ^ ^ -§- «1 #51^ ^gj-afl. 
^T 1 * 3. 

Jl^-21 A E|-<y ofl^-Al ^7} 6 ~ 10wt%, 

Hlilfll* F El-<y Oll^-Al ^7> 15 - 25wt%, 
J1A^°1 3)1^- A] <^*|7} 12 ~ 18wt%, 

Dll^oll^?!!^^ l-^-<fflol vol%S V-3±S. ^€ #S?!H7> 32 ~ 40wt%, 
oBAj-o] o^r^ 33M|7} 8 - 14wt% ^ ?iaS|«H "l-f^^H, 

aj-7] ^»2l <£fc6fl 2-5/anSl $5.^ *§^€ ^3-3 f^-g- d ^SRir 3* ^^JAS «U =8 

^ * Hl^i£^ 

St 1 * 4. 
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ob^-SI ul>i2ll^ A ^ F E)-<a df[S.X\ ^]7> 40 ~ 75wt%, 

ofl^S] ©Ht^ 7i$X\}7} 15 - 30wt%, 

^K! Si02 SE^r SiC °d47> 10 - 30wt% ol^olx^ ^H^e ^Eflf- £fe 3}-g- s^lo S 

#3 ^ -§- «l#5i^ 

5. 

^1 # Efe ^14 #°1| 5fl°H. #7l a l 0.1 ~ I/an ^ 271* 7}^, SiO 2 S^r SiCS. o^o^fe 

*fll ^ £^ *fl4 ^"Ofl 5d°H. #7l ^3Mfe ofl^l ^ofl tflSJI^ 15~30^ wt%* #7} Bl^£^ S^Hr #7l 

33"^ 10-30S1 wt%* ^ ^-^ *H=- #3 ^ £^ ^I^H^ 

^7]\2) n]<£t\ ^£7} I/O ^ofl IC ^3^ 0 1 S^<H1 *§^€ 71^-8: »>3<tfe ^r^l^-, 

#7l 71^" #°H aL#S} A T^l^, 0 J|#3 Hl^* F O^A] ^*1<2]-, Jl#£l Sfl^Aj ^^Sf, 

#71 ^Sf #71 ^4=^o)| =9^1?]^ #31^. 

#71 <gH7> Aj. 7 ] ^HSf ^^©1 71^121 ^ ^7l^iS X|£ <S^5]£S. Aj. 7 j IC Aj-g- Aj- 7 ] 7I 

#ofl ^^Al7lfe ig-Tfl-t i#*Hr 3* f^AS *Vfe ^ -g-<3 

8. 

^§Hr7fl£l wl#cl <§£7} I/O IC ^4, -^r3^°l S.^) ^€ «>3*Hs- ^14, 

#71 7lf #°fl ^#3] HliSll^- A SEfe F ^ ofl^-Al ^M<4, <3<#S} ^SMl^, Wl^^Aj ©j*^ S^-S>£r| ©1-f-O^l 
#71 #71 ^^l^lfe #31^, 

#71 i§H7> r^^SH #71 ^=2}- #71 ^^ol 71313 ^ ^7p-|£l ^^S]^ Aj- 7 ] IC ^-g- Aj.7) 7 1 
^r°fl l^^lfe 5E.#*Hr ^-^^5. ^ «^ ^ ^-^ 

1 

9. 

W # £fe ^18 #<H1 Slol^, ^71 «l#c-l ^^Sf^ ^17>, 

#71 IC I/O ^ ^ ^^^>fe ^^1^, 

#71 ^ #ofl -g- SE^r ^e]S ol^-ol^l ^H* ^^§>fe #7fl-I- 5L#^ ^^-2-5- #3 ^ 
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10. 

*fl9 W 9JL°)*\, #71 iE^= ^*Hr 'cJrTfl °1^M), ^"71 iE)= T&3j-7} 44<fl>q£* #7] $ 

flS?* 7>«Vfe 5L°]*4 C-l *$<L3. ^ «3 3 

11. 

^"71 IC I/O ti-ofl #4? = « *l^*Hr ^TflS}-, 

^7i ^ -^^sfl "<Ma.iL ^b1#, ^ ^ S-^-S-S MW^/^ 

%=f-*± 12. 

Xlll *<M Sfl°H. Sfl=# ^*H=r cjTfl ^71 ^ 3fl= #<*| ^HS. *jBl* 3L 
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